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Huploratioa of space by scientific satellites has reached 
a stage where more precise and detailed observations and even 
; ■' dal cats reduction capabilities have bee ore a prime require- 
t. To achieve these goals, especially in small scientific 
- . vallitos, the electronic design of a spacecraft circuitry 
has increased in complexity . However, the size, weight, and 
power available on spacecraft have not increased in proportion 
to the growth of observation capability and information 
processing complexity. In view of this it has become essential 
vo optimize the weight, size, and power requirements of the 
electronic hardware. Although significant reduction in size 
and weight is being achieved by the application of conventional 
integrated circuit technology, insulated-gate field-effect 
devices offer the added advantage of a significant reduction 
i._ power without loss in the speed of operation. The simplicity 
of manufacturing incul&ed-gato field-effect transistors is also 
well suited to integrated circuit technology. This device 
offers great premise for application in space electronics 
except for one major limitation. The electrical characteristics 
: f the available 2103 devices degrade in a radiation environment. 
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paper gives a preliminary report of a study investigating 
radiation clr.n-.arjo and the modes of the recovery process. This 
phenomenological study of recovery appears to reveal a possible 
model of damage mechanism. 

. The present investigation was carried out with very 
limited number of samples mads by different manufacturers. 

Only P- channel enhancement node devices wore investigated and 
the source of radiation was a 1.5 "oy electron bean. The 
following typo of devices r.ade by the respective raanu f ac t ur e r s 
•-..ore studied: 

Type 7-annf acturcr 

SC1123 General Ll'icro Electronics 

1321 511 General Instrument 

13 2103 Motorola. . s . - 

The CC 1123 is of monolithic construction and consists of 
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connected in series. Two of the thro© sections 


v-.ro shorted to substrate and only one EOSPfST of the three 
was monitored. Figure 1 shows the circuit configuration in 
which the device was irradiated. i 

Tea samples of SC112G wore damaged with irradiation and 
their electrical characteristics were recovered by thermal 
annealing through four cycles. The parameter monitored was 
the gate voltage necessary to establish 10 un current 

between drain and source (I rr ,). Figure 2 gives typical response 
of a single device over repeated irradiation and recovery. 

The plot is of gate vdltage necessary to obtain a 10 ua 
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total doso of radiation. The four curves are 
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::ro^ four successive irradiation and thermal anaoali ns cycles 
ci one typical device. The thermal annealing ^ carried out 
by intermittent ly stores the devices at 2C0°C for a total t*» 
eg sixteen to twenty hours. This consisted of hcatiu- the 
devices in an oven for a period of six hours continuously then 
loavins them in the oven overnight to cool to room temperature., 
-urins the period of .heating land cooling the devices were hept 
in r passive state, i.e., no voltages were applied and v;ith 
ail leads shorted. All of the devices after similar treatment 
,. 0 * ^ arl y the same behaviour. One interesting feature revealed 
. t ve plot is the Significant change in the rate of degradation, 
successive exposure to the same total dose of irradiation. 
This is indicative of sene degree of radiation hardening 
achieved from this method of thermal treatment. A discussion, , 
of a possible mode of damage and evaluation ox these results 
vith observations on other devices is contained in a later 
section. Further investigation on the behaviour 01 i,nese 
devices at higher total dose as well as higher thermal elevation 
should prove very interesting. Since these units were' selected 
to to part of some flight hardware further work was terminated. 

A similar number of 1311511 type devices manufactured by 
'General Instrument were also studied. The annealing process 
.. ,_. v ^ *hoso devices was slightly different from the one 

■.,-cd SC-- tec S01120S. Sra dwicos B«r* •=»»»«. in “ activo 
sea* 4a aosrtraot to te» ^ovfc>«. Ptsslvo stete, wh«o ao 
volte-os veto waited to tee dfivico eloctroflos. «» fievlcos : 





voro noated *to a ■t®npo*atu*o (230 V C) ouch even. at soro 

.*' ( \vic; volta^o the unit was saturated and I^g v/as United with 
cc;';ernal resistance to ICO ua. Figure 3 shows the transfer 
characteristic ox a groupie unit atucr xr r ad a at non. ana a^^er 

'-howiu^ a olot oi drain— source current as a function 
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This not hod of recovery to the nearly original gate 
t:-.-:-. voltage is achieved within a very few ninutes . (about 

five). This cy.ich recovery could he caused by interaction 
cf current in the bull: material with trapped ions at uhe 
interface of the Si-5i0^ f assuming that most of the ions 
jn_ .crated by ionization migrate and are trapped at wars enter - 
irco. The rate of degradation of these devices to successive 
irradiation after this nothod of recovery was not consistent 
among all the samples unlihe the SC2Z23s. However , cone of 
the samples did show a degree of radiation hardening. All 
the devices did recover to the original gate threshold or even 
lower values in this node of recovery and ia cone of the camples 
there is a change in the transfer characteristic curve vs. 
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?ho third type of device which was studied were P-channel 
enhancement type 1-2103 nads by Motorola. Figaro 4 gives a 
plot of transfer characteristic of one of these samples after 
irradiation, as well as, after recovery . These devices were 
also recovered is the active stats and all of the saup-es of 
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this type showed much closer recovery to the original transfer 
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:cwic after tho quick recovery process. 
f 4 sar.vole of "SI" channel enhancement mode devaco made »7 

. ^ p"',nc2) was irradiated end was w ° i “ - '° 

the depletion mode. Since this wcs_only one sample availaonO 

■’or Irradiation no farther investigation could he carried ou<*. 
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and recovery could be explained on the basis that sons are 
trapped in the surface states at the interface of Si and SiOg. 

. 0 ions are generated by the radiation in the Si0 2 , aigrato 
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.rfr.ee states. Those ions are 


relatively immobile and counteract the field applied at the 
-So electrode which is attempting to form the channel. In 
'the' first rode of recovery of prolonged heating and cooling, 

-ye tramped ions are excited and allowed to reconbx-~ v/ioh 
carriers in the Si semiconductor region. In addition to tao 
removal of these trapped ions, thermal annealing, i.o., removal 
of strain at the interface, also appears to. occur. These heating 
and cooling cycles leave fewer surface states nahing tae device 
loos radiation sensitive. In the quick recovery mode one has 

iho interaction of carriers of the bulk material with the 

. . . . j.r~n r^'G^vscc ■ Xu tnis node of 

trapped ion by recombining at- m-c.i-co. 

, , _ „ ... _ ,,, — >. .-(-,4 .? 0 - few minutes only, or.o decs 

recovery where neat j.s - 

. . _ j — ^ C’~" :i= o an oura-s-n at- 

not achieve significant anneal-n^, l.o., 

••--o ■? nte”‘"ace of Si-SiO„. The device does recover to the 
-’i'-'inal characteristic but it is not . wioc 

It is planned to study effect of depn 
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;omc of the generated ions to recombine with 
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